
f l o ~ t s t o r r ,  'l 'exws 

Aneurysm of the aorta is a serious disease rausing dist,ressirig symptoms and 
ultimat'e death from rupt'ure. I'rogiiosis in  aortic arieiirysm depends to some 
extent upon the location and nature of the lesion, hut iii general, onw sympt'oms 
appear, death oc(:urs within a year or so in the majority of cases. In arieurysrns 
of the t'horacic aorta, for example, the aT-erage period of survival aftcr diag- 
nosis has bceii found to he (i to 8 nionths14. While life expectancy for ahdoiriiiial 
aneurysms, prcdominaritly arteriosclerotic: iii type. is somewhat, better, ahout a 
third of the pat,ieiits die withiii the first year after diagnosis -most,ly from 
rupture'?. Rarely even a patieut, with ruptured abdorninal aneurysm will sur- 
vive, but in the vast majorit,y t,he condition is rapidly fatal within the first f<:\\. 
hours or days. Prognosis in dissec:tiiig aneurysms of the aorta is almost as grave 
as for ruptured aiieurysms. Thus, acwxding to the excellent study hy Sheti- 
iian18 of patients with dissecting aiieurysm, death ensucd within 24 hours aftcr 
onset in 58 per cent' and in 1 day to I week i i t  26 pcr cent. Others1s, hni-e 
reported that ahout, 75 per cent, of patielits died within (io days and the r ~ -  
maiiiirig 25 per cent dcveloped thc: chronic or so-cxalletl hcalcd form of the dis- 
ease, and suri4ved 3 rnorit,hs to 8 years. Iii summary then, dissecting aiieniysm 
may he considered fat'al in from 175 to  !)O per w i t  of the (*asps. On the hasis of 
these data it is apparent that aortic. aiieurysiii cwrnpaiw ivith other highly 
lethal discases in rcgard to mor1)idity aiid threat to life, aiitl an aggressive 
surgical approach to such lesions is justifiahle wherever t,he gmeral cwndition 
of the pat'ient permits. 

* Supported in p:irt by gr:trits from the IIorlstorr Nr:trt ;\ssoci:tliotl :ind 111r (bra :tnd 
Webh J1:dirig Fiind for Surgical Rese:trch. 

t From t,hc I )ep:trtment of Siirgery, Baylor Univcrsity (:allege of hletliciiie, :incl t he Snrgi- 
cal Services of t he  Jefferson l):ivis, >let h o d i d ,  \*eter:tris .%tlininist r:ition. m ~ t l  Tps:ts Chil- 
dren's IIospititls, Houston, Tesns. 

Presented dnying The Richmond A nil)lj- of Thc Sor~theastertr Snrgic:il Corigixw, 
March 12-15, 1956, Richmond, Virginia. 
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Surgical methods employed until recently, and designed priniarily to pro- 
mote thrombosis within the sac or to  reinforce the wall of the aneurysm, have 
proved generally unsatisfactory and, for the most part, have been discarded. 
During recent years excisional therapy of aortic aneurysms which provides a 
direct curative attack has keen established as the most effective method for 
such lesions. Actually the underlying principles of arterial excision mere well 
developed by experimental workers and even advocated and sporadically ap- 
plied by a few surgeons near the turn of the century. For aortic lesions, how- 
ever, little consideration was given to the method of excisional therapy a t  this 
early date. Tuffierlq, in 1902, occluded the neck of a sacciform aiieurysrii of the 
ascending aorta by sutures without excising the sac, but unforturiately the pa- 
tient died 10 days later from secondary hemorrhage, probably because of gan- 
grene of the sac and infection. Kevertheless, he was convinced of the rationale 
of aortic aneurysmectomy arid recommended the procedure. I11 1910, Carrel' 
predicted that on the basis of experimental observations extirpation of aortic. 
aneurysms was rational and believed that aortic repair was feasible under these 
circurnstatices, but unfortunately no significant clinical efforts of this typt. Irere 
made. Revival of interest in aortic surgery occurred within the past decade, 
when Gross13 and Crafoord and Kylin7 in 1943 first reported successful excision 
of a coarctation with end to  end anastomosis. Subsequent dcvelopinents iii 

vascular surgery followed rapidly, and the concept of excision of aortic lesions 
was extended to  aneurysms, as well as obliterative or occlusive lesions. We, 
like others, began approximately 5 years ago to  apply this principlc for almost 
all aortic aneurysms with increasingly gratifying results'. This report is con- 
cerned with our experience with excisiorial therapy during the period betireen 
July 1051 and Feh. I ,  1956. 

Details in the technic of excisional therapy have been described in previous 
6 ,  9-11 but) certain aspects deserve brief consideration. The actual 

method of excision employed in the individual case depends largely upon the 
nature arid location of the lesion. Tangential excision and latcral aortorrhaphy 
is employed in sacciform aneurysnis, usually syphilitic in origin, \I hcrc only a 
portion of the circurnfercnce of the vessel is involved hy the disease proccsi 
(fig. 1). After careful isolation of the neck of the aneurysni a long-bladed occlucl- 
ing clamp is taiqentially applird followiiig which the sac is cvacuated ant1 

21 Patictit. 

Fig. 1. Urawirig showing t,he method of t:nigciiti:il escisiori of s:icciform aneurysms of 
the :cort:t wi th  lateral sortorrh:rphj~. 



excised. 111 most syphilitic aiieurysins of this type the adjacent aorta is rcla- 
tirely leathery in  coiisisteiicy and (mi be sutured n ithout difficulty. This nicthod 
of repair is particularly suited for aneuiysms of the ascmding aorta l~ecausc~ 
aortic flon (sail tic maiiitaiiicd contiiiuously tluriiig the procedure. l'aiigciit ial 
excision also rnay tie used for lesions of t h t  distal aortic arch atid drscendiiig 
thoracsir aorta i i i  tlioscl instances whcw votiditicms are favorablc, but scgniriital 

Iii fusiform aiieurysnis, either arteriosclerotic or syphilitic in origin, iii which 
thc entire t2ircunifereiic.e of the aorta is involved, segniental resection with res- 
toration of continuity by graft is thv procsedure of choire (fig. 2 ) .  I n  gctieral 
this method roiisists i l l  teniporary interruption of aortic flow by cross-clanipitig 
proximal and distal to the lesion while the diseased segment is excised and re- 
placed with ail aortic horiiograft. This rnethod \vas first used s u c ~ ~ ~ f u l l y  in 
the abdoniinal aorta \\ here resecbtion of the hifurcatioii \I as ac(.omplished with 
restoratioii of flow into Iloth c*ornmoii iliac arteries. With iiicwasing expcricwce 
aiid later with the development of hypothermia similar procedures may i i o w  he 
succ~essfully perfonncd i n  the thoracic aorta as high as the oi*igiii of the left 
suhlariaii  artery. The two regions of the aorta preseiitiiig the greatest technical 
prohlems iii application of this rncthod of thcrapy are the asceiidiiig aorta or 
proximal aortic arch and the prosinial a1)doniiiial aorta at  the level of niajor 

aortic resection frequeiitly is i ised eveii for sacsc*iforin aneutysni i n  this lo(.' d t '  1 0 1 1 .  
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trjbutarics supplyiiig tibdomiiial iscwa. Ischemic iiijury to orgaiis lochatetl 
distal to the poiiit of temporary aortic occlusioii is the major liriiitiiig factor i i i  

suwet.sful applicatioii of this tcrhiiic to  Ivsioiis of the thorwic arid proxinial 
abdomiiial aorta, aiitl effective control of this prohlciii is cwwial iii detc~niiniiig 
sue~ess  of thc operation. 

l'hc, reiitral nervous system is the most vulnc1r:hle tissw to injury froin 
temporary ischemia, a i d  in geiirral, the le\rcl and duration of owlusioii of the 
aorta detcrmiiic the extent aiid setwity of iieurologic sequc~lae. Lllthough the 
usual safe iiitwval for occlusioii of the proximal desrciidiiig aorta has heen 
estimated to  lie approxiniately 13 to :iO niiiiiitc>s, tht. rariatioii iii arterial supply 
to the cwrd i i i  additioii to other loral aiid systemic, factors may Icad to para- 
plegia and eveii dcath following hricfer p(lriods of ocrlusioii. 1;orturiately this 
thrmt assunit's less iluportaiict. iii aii(wrysnis of the tcwiiiiial thoracic aorta aiid 
is aliiiost iiegligihl(~ 111 abdomiiial a t imry~ins if aortic owlusioii is iiot iiriiieces- 
sarily prolonged. 

I'or Icsioiis loc*ated iii the proxinial thoracic. aorta iiiwsiircs are employed i n  
all patients t o  csoiitrol the threat of ischemic tl:~inagc~ to  the spiiiul cord. Tech- 
iiiral steps i i i  the operation dcsigiicd to  iniiiiinizc thc period of owlusion arc 
iiiiportaiit, arid iisiially the period of oc~c~lusioii in these (.a is le+ than 1 hour. 
Other solutiolis to  this problem, iiicludiiig the usc of hypotheriiiia arid of teni- 
porary shuiits to  c*oiiduc*t aortic flow arouiitl the occluded scgrncwt, also are 
employed. Hypothermia by reducbi tig the arterial oxygen recluircnieiit of th(. 
central iiervous system has h e n  tlernoiistratcd hoth l7  aiid 
c.lini(~ally5 to proloiig the period of safc aortic ou~lusioii. Llc~c~ortlii~gly, hypo- 
thermia is used for aiieurysnis iiivolviiig the distal half of thr  arch aiid proxi- 
mal dtweiidjiig thoravic aorta, but for riiost lesioiis locxtetl distal to the level 
of the eighth or iiiiith dorsal vwtebra operation is perforiiietl at  normal hody 
temperature. Hypothermia also c x r t s  a protective iiiflueiice iipoii the kidiicy 
aiid l i i w  during temporary arterial ocdusioii aiid therefore is einploycd where 
the aneurysm iiivolves the proximal abdominal aorta aiid requires ternporary 
interruptioii of the (~mespoiiding vessrls". 

Temporary external shunts arc' necessary in rcsechoii of fusiform aiieiirysiiis 
locattd ill tht. ascc~diiig aorta or proximal aortic arch where eveii hiief periods 
of occlusioii of the asceiidiiig aort2z (mi be rapidly fatal due to  severe left eii- 

tricular straiii and cwdiach failure., as n ell as to cerct)ral ischcmia. Thus, for 
fusiform aiieiirysms iiivolviiig the asceiitliiig aorta aiitl arch :L temporary shriiit 
is attavhed to  the side of the aorta proximally and distally \\it11 twaiichc5 su- 
tured into the (motid arteries6. h r i l l p  the, pt.riod of aortic oc~rlusiori, thweforc., 
the shuiit coidiwts blood to the tlesccndiiig thoracic. aorta, aiid also proridcs 
adequate cerehral circulation. Temporary shiiiits are iiot used in atieurysriis 
of thc desreiidiiig aorta sirictx hypothermia is c~oiisidercd atlt,cluatc for this pur- 
pose. 111 4 cases of thorac.oahdorriiiia1 anwrymi \\ h ( w  the celiac 51111, renal aiid 
superior mesenteric* arteries were iiivulvcd, a shuiit T\ as attacshed to  tht. thoracic~ 
aiid abdominal aorta, proximal aiid distal to the Iesioii, therchy sigiiihcaiitly 
retluciiig the period of total rciial ischciriia aiid apparc~iitly cuitrolliiig the CY- 
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3 .  1)r:twing showing n dissecting aneurysm in which the intiiiial tear  occurred iri 
ending aorta arid t,hc method of surgical repair. 

Fig. 1. 1)r:iwing showing a disscrting :mcurysm i n  which the intimal tear occiirrcd in 
the :tort:i distal t o  the  aortic arch and the method of repair. 

tent of renal iiisultll. The temporary shunts used in these cases are made of 
compressed polyvinyl Ivaloii@ sponge in most iiist'aiices, but heterografts atid 
homografts also are used for this purpose iii some iiist'aiices. 

The concept' of surgical t,reatrnerit, of dissecting aneurysm is tlased upon tht: 
unique pathogenesis of this type of aneurysm produced by iiit'raniural scpara- 
tion of the aortic. layers. Degeneration of the medial elements of the aortic: wall 
predisposes to tcar or rupture of the iiit,irnal coats, occurring usually in the 
aort'ic arch just above the aortic valve or in t'he regioii of the ligamentum ar- 
teriosum or subclaviaii artery. The forccful st,ream of 1)lood causes separation 
of the aortic wall usually in thc niedial 1ayc.r which coiitiiiues circumfcrent ially 
and may extend throughout the length of the aorta (figs. 3 and 4). Ilissectio~i 
may o ( ~ u r  rapidly, rwultiiig i n  perforation of the outer layer of adventitia into 
the mediastinuni, pleural or peritoiical cavities, or iiito the pericardium. 111 

some instances the intraniural disscctioii causes compression or shearing off of 
aortic tributaries. Uiider these conditions, occlusioii of reiial arteries may lead 
to  iircniia, iieiirologic signs may ocrur from spinal cord ischemia, or  vomplvtc. 
occlusion of the iliac arteries may cause symptoms and signs suggestive of saddle 
embolus. In  those patients fort,uiiate enough to  survive dissecting aiieurysm 
rc-eiit,ry of the iiitraniural passage into the true lumen may be responsible for 
arrest of the dissecting process. Thus, the surgical procedure which was eni- 
ployed i n  some of our cmies was based upoii nature's method of healing, an open- 
ing for re-entry of the dissected passage being niade at some distal point in 
the aorta, permitting restoration of peripharal rirrulatioii a i d  removing the 
increasing tension upon the out,er wall in order to prevent its rupture (fig. :<). 
If the origin of t'he intimal and nicdial tear is iii the ascwidiiig aorta or proxi- 
r i d  arch a re-entry passage is created at  a point distal to  the left subrlavian 
artery with obliteration of the false passage k)elo\v. This is arcomplishetl by 



cross-clamping aiid dividing the aorta, approxiniatiiig the outer and iiiiier layer5 
in the distal wgineiit aiid excisiiig a sniall ic.gnient of the inlier layer to  pim%le 
the re-entry passage in thc proxtrnal segment. Thm ciid to  t i id  aiiastoniwis i i  
done to  cwmplcte the opcrati\re procedure. 

In ( ~ ~ s e s  in 11 hich the dissection lwpiiis iiear the origiii of the left 5ubclaviaii 
artery a morc curativc method h s e d  upoii some\\ hat tht. sanie principlc is 
i i s ( d ,  excising that sc,gmeiit of ve5sel whew thc dissection origniates, ohltteratiiig 
the distal false passage and restoring aortic. cwntiiiuity 11 ith a honiograft (hg. 
-2). During the postoperative peiiod effort5 to  control hypcrteiisioii ax. itresscd 
to  prevent rupture of the weakciicd outer 11 all until it gain< adequate support 
from periaortic fiibrous tissue reactioti. 

Aortic coiitiiiuity niay be restored after segriieiital resection of the mr ta  hy 
means of arterial grafts or by synthctir prostheses. During the past 3 year5 we 
have. used hoinografts in approximately 400 w s e s  for replacenient of aortic. 
segments which \I ere excised for aiieury5iii or occlusive disease. 111 thwe c a s ~ s  
hoth early aiid late results have heeii very satisfactory, particularly \vith lyo- 
philized or frceze-dried grafts. l~ol lou  -up studies o i i  many of thcse paticiits, 
iiicliidiiig aortography, indicate that there is little t(mdency to  dilatation i i i  

the grafts and the histologic appearaiice remains surprisingly iiornial for periods 
more than 3 years8. We have also used certaiii synthetic materials for aortic 
replacemciit. ,lortic prostheses of orloii cloth, orloii knit aiid cmnprcised Iva- 
lon@ polyvinyl sponge nere used in 20 patients. 111 all but otic of these patielits 
\\here a thoracic replacenient was clone a bifurcatioii ahdoniiiial prosthciis n a5 
used. There were two late c.ornplicatioii5 resultiiig from use of these iynthctic 
niatclrials. In  oiie an orloii prosthesis eroded the duodenurn srvwal months 
later aiid in the other infection of an Iralon@ graft let1 to secondary hemorrhage 
2 months later. These materials are somenhat niorc dificult to  u i e  in thc aorta 
from a technical staiitlpoiiit hut may he recmiiiiendccl at  prescnt, particwlarly 
\\here homograft5 are riot availahle. 

L1E:SCLTh 

Iluring the approximate 5 year period iiirludcd iii this report cwkioiial 
therapy for aortic. aiieurysnis vas employed in 233 paticwts n ith lesions of the 
ahdoniinal aorta in 185 and thoracsic aorta iii 68, the types aiid location of the 
lesioiis indicated in figures 1 to 4. Death occurred uithiii thc first ~ c ~ k s  of 
operation in 2-2 of the former and 23 of the latter with a total hospital mortality 
rate of 18 per cent. Several factors h a w  lieen largely respoiisible for this zip- 
pareritly high operative risk. Perhaps the riiost ol)vioui 15 the policy of accept- 
ing for operation alniost all patieiit? with aiieurywi irrespwtive of advaiic~d 
age or evidence of cardiac., rciial or respiratory iiisuficieiicy. This is evident 
among the abtlominal cases, for (wimple, n here approximately 30 per c m t  
were niorc than 70 years old. ‘rhus, j i i  this eldtdy group fatality n a 5  alniost 
double that of the younger patients. Moreover, thc in hyperteiisivc. pa- 
tients was twice that of the normotensive. Vurther intlic~~tion of the sigiiificance 
of cardiovascular and renal disease is ohtaiiied from the fact that  death i n  these 
patients usually i t  as dut. to  these mii5cs. 



Still another important factor contributiiig signifirantly to the mortality is 
the prcscrice of rupture of the aiicurysm, existirig at  the time of operation. 
Among the patients 11 ith abdominal aneurysm thcre were 25 nith acute per- 
foration, operation being pcrformed as an emergency with the patictits i n  shock 
with massive retroperitoneal hemorrhage. Although there were 9 deaths in 
this group, the salvage of 16 patients or 64 per cent is particularly striking. 111 

spite of the risk of operatioil under these circumstances, rcsection of the aneu- 
rys~n should aln ays be attempted regardless of the apparent hopelessness of the 
situation. Moreover, operation should iiot 1~ delayed in order to comhat shock 
in such cases by massive transfusion and preparations should he made for im- 
mediate laparotomy. In most of these patients following the applicatioii of the 
proximal orcluding clamp immediate iniprovcment ocrurs aiid operation is re- 
markably n ell tolerated. 

In  tht. caws of thoracic aiicurysm the operative risk is even higher thaii for 
the abdominal lesions. Undoubtedly, application of clamps to the thoracic 
aorta nearer its point of origin imposes greater strain upon the cwdiovascular 
system in general aiid subjects the patient to the risk of more extensive injury 
from temporary interruption of circulation. 1;or example, in this group of pa- 
ticnts acute cardiac failure during the first 24 hours after surgery \vas 
the conimonest cause of death. In aneurysms about the aortic arrh a i d  proxi- 
mal descending aorta neurologic changes, including cord injury, aiid cerebral 
damage from ischtmia or embolism were serious cwmplications frequently re- 
sulting in death. It is significant that in fusiform aneurysms of this rcgion (figs. 
2 the mortality rate \\-as 45 per cent in contrast t o  a mortality rate of l(i 
per cent iri the distal thoracic aorta (fig. 2 I)). 111 patirnts undergoing extensive 
b i l a t c d  thoracotomy respiratory complications were often scvere requiriiig 
tracheostomy and artificial respiration to maintain life in sonic instaiic*es. 
Jlaiiy of these patients had tracheobronchial compression and atelectasis at  
the time of operation. 

Results of exrisioiial therapy of dissecting aiieurysrns of the aorta u ere most 
gratifying in that survival atid apparent cure of this grave condttioii wcie o b  
taiiird in 10 out of 13 patients. The fact that virtually all of the 206 patients 
surviving operation were relieved of symptoms and retur1ic.d to a rc4ativc3ly 
normal life streiigthens our cwiriction that exc%ioiial thcrapy is thr most ef- 
fcctivc method for aortic aneurysms. The serious nature of the discase itself 
dirtates an increased risk in such operations, but with improvement i l l  surgic*aI 
technic and with further control of limitiiig factors still existing the risk of 
operation will undoubtedly h rediicaed. 
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=\iicurysm of thc aorta is a serious disease causing distrmsing symptoms and 
usually leading to death nithin a year or 2 after diagnosis. Until recently sur- 
gery was unsatisfactory h i t  during thc past 5 years gratifying results have ht.crl 

o1)tained with excisional therapy. 
For sacciform aneurysms tangential excwiori u-ith lateral aortorrhaphy is 

c+Fcrtivc. whereas fusiform ancwrysms require segmental aortertomy with res- 



storation of aortic flow by aortic homograft or synthetic prosthesis. ILesults of 
treatment in 219 cases of the former arid 37 of the latter are reported and fac- 
tors influencing operative risk are (*onsidered. 

Because of the unusual pathologic iiaturc of dissecting aneurysm surgical 
therapy must tie adapted to votitrol the dissertirig tendeiicy. If the intiriial tear 
occurs in the ascending aorta a re-cntry passage is crc.ated in the desrending 
aorta close to the origin of the liganiciituni arteriosum. When the intimal tear 
occurs distal to  ligamentum arteriosium this scgrnent of aorta is resected, and 
a graft is inserted. In both types of operation after the aorta is divided the two 
layers in the lower segment arc sutured together iii ordtlr to eliminate the es- 
tcnsioii of the process distally. Iicsults of treatrncitt i i i  1 3  pnticiits with dis- 
secting aneurysm with 10 survivors arc presented. 

. \ I>l)ENI) I-M 

Recent analysis of patients operated through for aortic aseurysm reveal a 
total of 366 (Lases, 98 of ivhirh were thorarir arid 268 a1)doiniiiaI. Since this report 
was submit't'ed, aneurysms of the ascending aorta have been resected with seg- 
mental replacenleiit hy homograft in thrw cases utilizing the mechanical heart 
lung for cardiopulmonary by-pass. Temporary extracorporeal aort'ic by-pass, 
shunting blood from the left auricle to the abdominal aorta, \vas used success- 
fully in 2 cases for resection of the descmding thoracic aorta for aneurysm. 
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